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Agenda

* What is debugging and why TotalView?

* Introduction to TotalView by David Falkenstein
* Introduction to MPI debugging by Dean Stuart
* Reverse and Memory debugging

* GPU debugging

* Python/C++ debugging

* Reverse Connections by Dean Stuart

* Using TotalView on ANL

» TotalView resources and documentation

e Questions/Comments

Update
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Why do you need TotalView?



What is Debugging?

* Debugging is the process of finding and
resolving defects or problems within a
computer program or a system.

* Algorithm correctness
* Data correctness

* Scaling/Porting correctness
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TotalView for HPC and for All

+  tx_fork_loop - Pr 1, Thread 1.1 (Stopped) - TotalView 2020X
File Edit Group Process Thread Action Points Debug Window Help

i Group (control) ] 1 a | e > n i ReplayEngine | y n

i GPU (Logical) Block

* Leading debug environment for HPC users

i GPU (Physical) Device

* Active development for 30+ years

Processes & Thr s i Lookup File or Fun... % | Jocum., * [ StartPage * | tx_fork_loop.cxx ‘ __select_nocancel * | Call Stack * ‘
. . . @ @ @ —= E 564 (spin_to_wait) Y
* Thread specific breakpoints | . IS
Description #p v|#T Members =:5pdn_time; e |
567 while (countdown--) —_Selact NIocAncey
H H- H v tx_fork_loop ( 1 1 pl 568 shared_countup ++; =
e Control individual thread execution ; waiLa_whie
B Stopped 1 1 pl
{ snore
° . H v _sel... 1 1 pll result;
View complex data types easily S e
11 1 1 pll 574 timeout->tv_sec = sleep_time;
fork_w
L4 From MacBook to Topsoo Su percomputers 576 timeout->tv_sec = sleep_time + get_random_time (vary_sleep); -, | e
577 timeout->tv_usec = sleep_time_usec; _
YIELD(); I
. . . . 579 errno = o; U it hill
L4 580 result = select (8, 0, 0, 0, timeout); unction wait_a_while
TraCk memory Ieaks In runnlng appllcatlons 581 if ((result || errno) && (!please_shut_up || errno != EINTR)) g 3
582 printf ("th s1d elect( i, errno=%d\n", Source ..washiftotalview/debugger/srcitests/src/tx_fork_loop.cxx
. ) 583 ; ( )(pthread_self()), (int)(result), (int)(errno)); Ling 580
 Supports C/C++ and Fortran on Linux/Unix/Mac sos 13 /7 e . - o

* Support debugging mixed Python/C++ (o1 een_for_seconds (i1 seconds)

timeval timeout;

result;
® d d b 1 593 timeout.tv_sec = sleep_time;
Integrate Reverse e ugglng 504 timeout.tv_usec = sleep_umé_usec;
595 errno = 0
596 result = select (o, ©, 6, 0, &timeout);

* Batch non-interactive debugging. o BRI AR

598 I REEES S — - — I

Action Points % ‘ Replay Bookmarks * I Data View % \ Command Line ‘ Logger * Name Type Value
DV Type Stop Location Name Type Thread ID Value W Arguments
argc int 31 0x00000001 (1) » timeout struct timeval * Ox7fffffffd320 -> (struct timeval)
e Allowing YOU to have [Add New xpression v Bloskatli.
result int 0x00401557 (4199767)

e Predictable development schedules

. . Process: 1(20121) tx_fork_loop Thread: 1.1 (0x7ffff7fdf720) - Stopped Frame: wait_a_while ftotalview/debugger/srcitests/src/tx_fork_loop.cxx Line: 580
e Less time spent debugging
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https://totalview.io/video-tutorials/introduction-totalview-user-interface

TotalView debugger enables you to do:

Interactive debugging

e Live control of an executing program

* Remote debugging
- ) * Debug a program running on another computer

=
don |

s .

* Post-mortem debugging (core files and reverse debugging)

* Debugging a program after it has crashed or exited

* Memory debugging

* Find memory management problems (leaks, corruption ...)
* Comparing results between executions

* Batch debugging (tvscript, Cl environments)

* Unattended debugging
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https://totalview.io/video-tutorials/introduction-mpi-debugging

Replay Engine

* Captures execution history

tx_basic_tclass (Recording) - Process 1, Thread 1.1 (Stopped) - TotalView 2

e Records a||externa|input to File Edit Group Process Thread ActionPoints Debug Window Help
program

i Group (Control} > | | 2 i3 il e ) 4 ! ReplayEngine

* Records internal sources of non-

determinism i GPU (Logical) Block : . Thread i GPU (Physical) Device
° i i ’ : ‘ :
Replays execution h|story Processes & Thr... = ‘ LockupFile or Fun... ® | Jocum.. % | StartPage * | tx_basic_tclass.cxx % |
* Examine any part of the execution e T
. Open Documents: & include *f
history B -
Start Page & main( BTACK. @ argv){
* Step back as easily as forward 4| Dperived2<int> di(argc,argv);
tx_basic_tclass.cxx talviewidebugaerisroitest 5 Derived2<float> d2;
i i 6 p t m=dl.getId();
* Jump to points of interest e
* An add-on product to TotalView = PR
* Support for 16 § }
* Linux/x86

* Linux x86- 64
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Memory Debugging

* TotalView’s memory debugging technology allows you to

* Easily find memory leaks and other memory errors

i D ete Ct m a I | 0 C/fre e n eW/d e I ete A P I m i S U Se Summa ] ] ea oy e . ted Memory | Memory Comparisons

July 29, 2020 Heap Status Graphical Report

° D |' . t d t t' Save Data Options
Export M Dsta... @
angling pointer detection eore Rovory aea e T e Foteee s 1 |
Heap Status Reports
Source Report

* Detect buffer overruns Boir s Byt

Dther Reports Categories
Leak Detection Reports [OxFFFFF7d2FE0 - ONTFFFFTestffa (B0, 12KE)

1 1 1 M U Report. T
* Paint memory blocks on allocation and deallocation Corrupted Memary Resort
T s

Conpare Memnory Uzsge

Other Tasks R S e o e e o R
000000000000000000000000000000000000000000000000000000000000000000000000000

Manage Filters

R

Memory debugging results can be easily shared as

Heap Information | Backtrace/Source | Memory Content I
rOverall Totals ——————— |- Selected Elock —Related Blocks

 HTML reports or raw memory debugging files. T 1 |
Process Selection Heap Start Address Ox7FFFFred2fan Backtrace ID 3

5 ECorrupted Guard Blocks Q ~End Address O FFFFFed2fes DAllocated Q

. |ﬂ DAllocated 71, 00KE ~Size 100 MDeallocated 100

[ ] C It b t t f = DOleaked 450 - Tupe Deallocated #-EACorrupted Guard Block: 1]

om pa re memo ry results between runs to verl y Y L L ltered | 50| | ~Red Zone Post-f, ., 4096 ; 100

L.OFiltered 0 Ei-Pre-guard oK 0

Deal located 100 [#-Post-guard Ok 0

. . . +-EGuard Blocks 320 Filtered Mo 4, 00kE
elimination of leaks o Hoarced g e i :
ERed Zones 14, 00KE ~Allocator Red Zone
- Dwner C

Supports parallel applications = B

[}
-
* Low overhead and does not require recompilation or instrumentation

totalview.io
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Strategies for Parallel Memory Debugging

* Run the application and see if memory events are detected

 View memory usage across the MPI job

« Compare memory footprint of the processes e r— Ve p——
June 24, 2008 Memory Usage Chart Report

* Are there any outliers? Are they expected? Save ata R Controls————————————
. . . . Ex<port Memour.y Data... ® Data 7 Staci B Stack Y ’VHI Iﬁ‘Elar (Stacked) i
* Gather heap information in all processes of the MPI job ermory Usage Feports
P_rocess [REAard ]4":::::: IIITyCTIIEIIIIIIIIIIC - -
* Select and examine individually S 2 o
. Other Reports Categories 0 o B -
« Look at the allocation pattern. Leat Detsction Reports
. Corrupted tMemory Report &
DOES |t make Sense? Compare Memory Usage B .
 Look for leaks 5
. . . 2:
* Compare with the 'diff' mechanism e E
. . 2] 10 1" 12 13 14 15 o 1 2 3 4 5 [ 7 g
* Are there any major differences? Process (rank)
[

Are they expected?

----- i random.1

1989.25KB 109.16KB 1524.05KB 22.860KB 28.00KB
1989.25KB 109.16KB 2.21MB 3349KB 36.00KB
109.16KB 3.58MB 47 74KB 52.DDKEI-

nnnnnnnnnnnnnnnnnnn

- Process 10: random.d
[+-Process 11: randam.10

----- i random 2 ..
. 5 4nonacin
&l = il
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GPU debugging with TotalView

* NVIDIA CUDA support
— Multiple platforms : X86-64,PowerLE, ARM64
— Multiple cards and SDKs
* Features and capabilities include
— Support for dynamic parallelism

— Support for MPI based clusters and multi-card configurations | - NAATD

let:

) 1A ets

— Flexible Display and Navigation on the CUDA device - ; »

MM s
1”“ :

e ]

- 9

* Logical (Grid, Block) tuples o N

* Physical (device, SM, Warp, Lane)

— CUDA device window reveals what is running where v -

B, & .
: _'IHI’II"; Y
! ol e )

) .

— Support for CUDA Core debugging
— Leverages CUDA memcheck

— Support for OpenACC
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Extending Debugging Capabilities:
How to Debug (Al) Mixed Python/C++ Code



Python debugging with TotalView

* What TotalView provides:

Easy Python debugging session setup

Fully integrated Python and C/C++ call stack

* "Glue” layers between the languages removed

* Easily examine and compare variables in Python and
C++

Utilize reverse debugging and memory debugging

* What TotalView does not provide (yet):

* Setting breakpoints and stepping within Python code




Terminal 13 $ 1) 859AM I

o

Terminal

ubuntu:~/demo_2019/PythonExamples> /usr/toolworks/totalview.2019.0.4/bin/totalvi
ew -args python2.7-dbg test_python_types.py

ry

)
B
%
a
5




18

Python without special debugger support

No viewing of Python
data and code

TotalView by Perforce © Perforce Software, Inc.

File Edit Group Process Thread Action Points Bookmarks Debug Window Help
Start Page * | python.c * |tx_python_exam|: ec ® Call Stack ® | Lookup File or Function
fact
Description Members 1y
_fact
python2.7-dbg (S3) pl N
fact( n) { .
W Breakpoint p1 if (n < @){ /* This should probably return an error, but this is simpl / PyCl ion_Call
return o;
fact pll T call_fun
9 (n==2a) {
11 pl1 10 return 1; PyEval_EvAlrameEx
{ fast_function G I u e
14 return n * fact{n-1}; @ | call_function
3 L
6} @ FyEval EvalflimeEx
getsquare( n) { co e
19 return n * n; @ | PyEval EvajlifideEx
20}
& ryeval Eylode
square array(std: :vector< std::vector < = > MyATray)
{ & run_mo
24 { i44)
25 ( 3=0; j<z; j++) © Py FileExFlags
26 myarray[1]1[]] = getsguare(myarray[1]1[j]);
PyRun_SimpleFileExFlags
Select s or thread attributes b b !
Elect process or nre: attnbutes to group by 29 [ i++}
[] Control Group Lo} ( J=8; J<2; j++)
n printf (" [%c & 1 ¢ 1 3, myArray[i]1[i]);
Share Group 3z i Name Type Value
Arguments
n int 0x00000003 (3)
Action Points ® | Command Line | Logger * ‘ Replay B »® h
¥
Thread 1.1 has appeared Name Type Value
Created process 1 (14759), named "pythonz.7-dbg"
Thread 1.1 has appeared [Add Mew Expression]
Thread 1.1 has exited
Thread 1.1 hit breakpoint 1 at line 6 in "fact(int)"
1 std
disabled
P p b 0
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Showing C code with mixed data

e Glue code filtered out

* Python data and code
available for viewing
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File  Edit

i Group (Control)

Group Process Thread  Action Points  Bookmarks

Debug  Window  Help

Processes & Threads %

® @0 ==
Description Members
pythan2.7-dbg (53) pl
B Breakpoint pl
fact pll
18} pli

fact( n) {
if (n < 8){ /* This should probably return an error,
return 8;

return 1;

{

return n * fact(n-1);

but this is simpler */

Call Stack *

Lookup File or Function %

fact

wrap_fact

tFact

module>
__libc_start_main

Shows Python & C+ +

[Add Mew Expression]

1
getsguare( n) {
return n * n;
Select process or thread attributes to group by: square_array(std: :vectors std::vector < > » myArray)
{
Control Group { ica; i++)
HE Lo=Ha £ Name Type Value
~'| Share Group ( J 1) P
Arguments
( n int 0x00000003 (3)
Action Points % | Command Line | Logger ® | Replay B Data View
D Tvpe Stop Location Line hd Mame Type alue .
v 1 | ICIIITE  Process | tx_python_example.c 6 n int 0x00000003 (3) L+
aa int 0x0000000000000003 (3)
anb int Ox000000000000000a (107}
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https://totalview.io/video-tutorials/reverse-connections

Remote Display Client (RDC)

Offers users the ability to easily set up and operate a TotalView debug session that is running on another system

Consists of two components
* Client —runs on local machine

* Server —runs on any system supported by TotalView and “invisibly” manages the secure connection between

host and client

Free to install on as many clients as needed

Remote Display Client is available for:
* Linux x86, x86-64
* Windows

* MacOS X

totalview.io
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Total

by Perforce

Remote Display Client
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RDC on Linux and Mac OS

e Download and install RDC from

/projects/ATRESC2020/piskun/RDC_installer.1.5.1-macos.dmg

/projects/ATRESC2020/piskun/RDC_installer.1.5.1-linux-x86-64.run

e Display Client

File Help

r Session Profiles:
H X % &
DKRZ

Jugene
Kraken
Lomonosov
cooley
cooley-anl

de3

de3-sol

Iwashi

jupiter
powert_61
slesls

test

theta-anl

1. Enter the Rempte Host to run your debug session:

Remote Host:| theta.alcf.anl.gov

~--TotalView

by Perforce

Vd
| |'| /lAdvanced Options!

User Name| :| piskun

Remote Display Client and Server Advanced Options
Clhstomer any of the options for the Remote Display Client and Server.

Commar
er commands to execute before TotalView begins.

| module load totalview/

Font Path

Specify thefemote host's font path for the Remote Display Server.

L=

G =

2. As needed, enter hosts in access order to reach the Remote Host: C
Host | Access By | Access Value | Commms/ ﬂ
il '| User Name
T v| Tleer Name @

3. Enter settings for the debug session on the Remote Host :

TotalView | MemoryScape |

Path to TotalView on Remote Host:@otalview )
Arguments for TotalView: |
Your Executable (path & name): |
Arguments for Your Executable: |

Submit Job to Batch Queueing System: Not Applicable "

N\

P Launch Debug Session

No session running

£

Color Location

Specify the location of the rgb.txt file needed by the Remote Display Server.

VNC Viewer
Select the VNC viewer to use for the application display.

TVRemoteDisplayViewer

* In .ssh/config add:
Host *

ForwardX11 yes
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StrictHostKeyChecking no




On Windows

* Download and install RDC from

* /projects/ATRESC2020/piskun/RDC_installer.1.4.2-2.exe

1 -
=2F TotalView Remote Display Client = EI_EE'

= RogueWave

$ 0 F T W A R E

Session Profiles: 1. Enter the Remote Host to run your debug session:

H & % & Remote Host: theta.alcf.anl.gov : piskun ( Advanced Options
AN

2. As needed, enter hosts in access order to reach the Remote Host:

Cray-kachina-aarch

Lanl-Kodiak Host Access By Ad == ToralView RDC Advanced Options | ? P
Lanl-badger L}
_ari 1 [ User Nam-e]
t:::-ﬁ;ﬁigw " Commands: module load totalview
nvidiab 2 [ User Namue]
theta-anl 3. Enter settings for the debug session on the Remote Host: ——— | FontPath:

. theta-anl2 m
* In .ssh/config add: | [

Color Location:

Window Manager:

* 1
H OSt Path to TotalView on Remote Host:  totalview o i

Arguments for To'ﬁl'u'ie
FO rwa rd X 1 1 yes Your Executable (path & name)

Arguments for Your Executable:

StrlctHost KeyCheckl ng no Submit Job to Batch Queusing System: [Not Applicable —

End Debug Session

Profile theta-anl2/TotalView debug session is running—.

totalview.io
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Hands-on labs

/projects/ATRESC2020/piskun/labs/

Lab 1 Debugger Basic

Lab 2 Viewing, Examining, Watching and Editing Data

Lab 3 Examining and Controlling a Parallel Application.

e Use aprun instead of mpiexec and Cray-aprun as parallel system.

Using remote connect (tvconnect)
* Start totalview

* Modify and submit tvconnect.job
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TotalView is available on on Theta, Cooley

* |nstalled at: /soft/debuggers/totalview-2020-07-27/toolworks/totalview.2020X.2.3/bin/totalview

e module load totalview

* Connect to Theta * Connect to Cooley

* Get allocation first * On Cooley
* qsub -A ATPESC2020 —n <N> —q debug-flat-quad —I e Add —attr=nox11
* module load totalview * Set DISPLAY by ssh to compute node.

* totalview -args aprun—np <N> ./demoMpi_v2

totalview.io

27 | TotalView by Perforce © Perforce Software, Inc.



TotalView Resources & Documentation

TotalView documentation:
* http://totalview.io
* User Guides: Debugging, Memory Debugging and Reverse Debugging

* Reference Guides: Using the CLI, Transformations, Running TotalView
* TotalView online HTML doc:
* Other Resources (Blogs, videos, white papers, etc):
* New Ul resources:
* New Ul videos:

* Python Debugging blog:

» http://blog.klocwork.com/dynamic-analysis/the-challenge-debugging-python-and-cc-applications/

28 | Rogue Wave by Perforce © 2019 Perforce Software, Inc. roguewave.com


http://blog.klocwork.com/dynamic-analysis/the-challenge-debugging-python-and-cc-applications/

Summary

e Use of modern debugger saves you time.

* TotalView can help you because:
* |t's (the only debugger you ever need)
* Allow you to debug accelerators (GPU) and CPU in
» Allow you to debug (C++/Python/Fortran)
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